This study examined water loss by fully grown honey mesquite (Prosopis glan&dosa var. glandidosa Torr.) trees at 2 levels of resolution, the whole plant (canopy) and the individual leaf. Trees were manipulated by severing lateral roots during winter dormancy. Leaf transpiration and photosynthesis were measured in root-severed and unsevered (control) trees for 2 growing seasons following treatment. An empirical model which integrated leaf transpiration, whole plant leaf area, and influence of shading within the canopy on leaf transpiration was used to calculate dally water loss from individual trees. During the flnt growing season leaf abscision occurred on root-severed, but not control trees, in early July, resulting in a 50% reduction in whole plant leaf area. Following abscission, transpiration and photosynthesis of rc malning leaves on root-severed trees were significantly greater than on control trees from July through September. Because of increased transpiration of remaining leaves on root-severed trees, dally water loss per tree was not significantly different between root-severed and similar-size control trees before or after leaf abscission. No differences in leaf or canopy transplratlon were found between root-severed or unsevered honey mesquite during the second growing season. Daily water loss per tree ranged from 30 to 75 liters during the study. These responses illustrate that water loss from mesquite may be regulated by various combinations of stomata1 control and adjustment of transpirational surface area.
relations of honey mesquite is not fully understood but may relate to the amount of available groundwater (Ansley et al. 1990 ).
Most studies of woody plant water relations in semiarid environments have been based on measurements of the individual leaf . Increasingly there is a need to relate whole plant responses to environmental changes (Pook 1985 , Nilsen et al. 1987 , Meinzer et al. 1988 . It is not known whether leaf responses parallel whole plant responses under all conditions since microclimatic variation within the canopy influences leaf responses (Schulze et al. 1985 , Caldwell et al. 1986 , Gold and Caldwell 1989 , Hinckley and Ceulemans 1989 . This study was designed to determine water loss by honey mesquite at 2 levels of resolution, the whole plant and the individual leaf. The study complements earlier research which examined the influence of site on mesquite rooting strategies and water use (Ansley et al. 1990 ).
Materials and Methods

Study Area
Research was conducted on the Wagon Creek Spade Ranch located 16 km north of Throckmorton, Texas, in the Rolling Plains ecological region of north central Texas (99" 14W, 33' 2ON; elevation 450 m). Soils on the study site are of the Nuvalde series (fine-silty, mixed, thermic family of typic Calcuistolls). Average annual precipitation is 624 mm, which is distributed bimodally with peak rainfall periods in May and September. Average frostfree period is 220 days. Vegetation at the site is a mixture of mid-and shortgrasses with a 35% canopy cover overstory of mesquite which, to our knowledge, had never been manipulated by human control practices. Tree density is about 300-400 plants per ha. Mesquite growth form is erect and few-stemmed with the diameter of basal trunks on many of the plants in excess of 30 cm and heights in excess of 5 m. Dominant perennial herbaceous species are sideoats grama (Boutefoua curtipendula [Michx.] Torr.), buffalograss (Buchloe dactyloides [Nutt.] Engelm.), and Texas wintergrass (Stipa Ieucotricha Trin. and Rupr.).
Treatment Installation
Six trees were selected for the study on the basis of uniformity of size and shape. Average height, canopy volume, and basal stem diameter (at 10 cm above ground) were 3.7 m, 25.8 m3, and 0.2 m, respectively. The trees occurred in open areas so that shading from adjacent larger trees was not a factor except at sunrise and sunset. In January 1986, a vertical trench 3 m deep was cut around each of 3 trees roughly 1 m beyond the lateral perimeter of each canopy. The soil wall on the tree side of the trench was wrapped with 2 layers of 6 mil plastic, and a fiberglass sheet was attached to the upper 0.5 m of the plastic barrier before refilling the trench. The fiberglass sheets extended 20 cm above the surface to prevent overland flow of water from entering or leaving the containerized area. These trees are referred to as "root-severed". The 3 trees with intact root systems are referred to as "controls". Root barriers were installed during winter dormancy (i.e., leaves were abscised), 3 months prior to mesquite budbreak. Precipitation was measured at the site with a tipping-bucket rain gauge.
Leaf Measurements
Leaf transpiration (E) and net photosynthesis (A) were measured monthly from April to September, 1986 September, -1987 , using a closed chamber system'. Duration of each measurement was 40 seconds. Air flow rate in the chamber was varied to maintain chamber relative humidity (RH) at ambient RH levels (* percentage points). Measurements were made at 2-hour intervals during each sample day on 2 leaves on the sunlit aspect of each tree canopy. Leaves were selected from the canopy perimeter about 1.5 to 2 m above ground. Approximately 5-9 cmz (1 side) leaf area was enclosed in the chamber during each reading. Photosynthetically active radiation (PAR, 400 to 700 nm) was determined at the position on the canopy perimeter where E and A were measured using a quantum sensor2 which was mounted to the leaf chamber. Sampling was conducted on clear or mostly clear days.
Predawn leaf petiole xylem water potential (predawn leaf 'u) was measured on each E and A sample date. Two leaves were excised from the center of each canopy and measurements were made immediately with a Scholander pressure bomb (Turner 1981) .
Whole Plant Leaf Area Determination
Whole plant leaf area (WPLA) was estimated for the control trees on 12 June and 23 July 1986 by clipping three 1 S-cm diameter (f0.3 cm) branches (as subsamples) from each of 4 or 5 nonexperimental trees growing near the control trees. All leaves were harvested and total leaf area per subsample was determined with an area meter. Leaf area per branch (1 leaf side) averaged 0.43 m2 on 12 June and 0.40 mr on 23 July, representing a 7% reduction during the interval. Coefficient of variation in leaf area among trees and among subsamples on each date was less than 14 and 17%, respectively. WPLA of each control tree was determined by counting the number of l&cm diameter branches which supported foliage, and multiplying that by the leaf area per branch that was determined from the nonexperimental trees.
as described earlier, when nonexperimental trees were used to compare the 2 methods in 1987.
Whole Plant Transpiration
A multilayer model was developed to estimate daily whole plant transpiration (WPE). Estimates were based on an integration of E, WPLA, and a series of empirically derived coefficients, termed transpiration coefficients (TC), designed to account for variation of E as influenced by shading within layers of the canopy , Landsberg and McMurtrie 1984 , Caldwell et al. 1986 , Raupach and Finnigan 1988 . A "day"in the model was defined as the IO-hour period from 1 to 11 hours post sunrise (HPS) in 1986 and 2 to 12 HPS in 1987. Each day in the model was segmented into five 2-hour intervals (i) so that:
WPLA of root-severed trees was determined in a similar manner as the control trees on 12 June 1986, when foliage appeared similar to that of adjacent nonexperimental trees. However, by 23 July, foliage declined on root-severed trees such that it was no longer visually comparable to that of nonexperimental trees. Thus, the technique employed to assess WPLA of control trees on this date was not considered valid for estimating WPLA of root-severed trees. Therefore, on 23 July foliage reduction of root-severed trees was visually estimated by 6 individuals after comparing growth to that of adjacent nonexperimental trees. Average percent reduction in foliage on root-severed trees when compared to adjacent trees on this date was 42.8 (s.e. = 5.3, n = 3). To estimate foliage reduction on root-severed trees from 12 June to 23 July, an additional 7% was added to the 42.8 value to account for the decline in foliage on control trees during this interval (7% was derived from the 0.43 to 0.40 mz decline in leaf area per branch).
WPE =I; EZti
(1) where, WPE q Daily whole plant transpiration (kmol Hz0 tree-' day-'), and E2ij =Two-hour whole plant transpiration (mol Hz0 tree-' 2 hi') at 2-hour interval i (for i=l...n, l=l-3HPS; 2=3-S HPS, 3=5-7 HPS, 4=7-9 HPS, 5= 9-l 1 HPS), on date j (add 1 to HPS values for 1987).
In 1987, WPLA was estimated monthly from mid-May to midSeptember using a digital image analysis procedure based on photographs of the trees (Ansley et al. 1988 ). Side-view black and white photographs of entire canopies of experimental and nonexperimental trees were obtained from fixed points 20 m from each tree and using a 300-mm telephoto lens. Within 3-4 days after each photography date, nonexperimental trees were completely harvested. Total leaf area per tree was determined by obtaining total leaf weight (oven dry at 80° C) and establishing weight:area regressions (using subsamples of the total leaf mass and an area meter). Tree images were outlined with a marker and area within the outline was To determine TC values, once during spring and again in midsummer of both years (4 sample periods total), 1 control tree was selected for intensive sampling in which E was measured within 4 diurnally changing shade layers within the canopy. Each layer was visually estimated to contain 25% of WPLA. Boundaries of each layer were oriented perpendicularly to solar angle during each sample period.
Six measurements of E and PAR were made per layer during each sample period. Sample periods coincided with predefined 2-hour intervals. TC's within the 3 shaded layers (L2-L4) were expressed relative to the most sunlit layer (Ll) so that:
TC. =E./& (2) where, TC. =Transpiration Coefficient at shade layer s, E. leaf transpiration (mmol mm2 sl) at shade layer s, and E0 leaf transpiration (mmol me2 s-l) at the most sunlit layer, LI.
To determine the influence of canopy shading on PAR, radiation coefficients (RC) were determined in a similar manner as transpimtion coefficients, so that: determined using a tablet digitizer and computer software3.
Regressions between digital values of the images and WPLA of harvested trees were established for each sample date (Table 1 ) and used to predict WPLA of the experimental trees. WPLA values obtained using the photographic method did not differ significantly (P<O.O5) from those obtained by branch harvesting method, 
where, E = Leaf transpiration (mmol mm's') on the sunexposed aspect of the canopy, TC.
q Transpiration coefficient within shade layer s (for s=l...n, l=Ll, 2=L2, 3=L3, and 4=L4), and WPLA = Whole plant leaf area (m*; includes both leaf sides).
Strtisticrl Analysis A one-way completely randomized analysis of variance (AOV) was used to evaluate 2 levels of root treatment (severing and control) as sources of variation of E during a particular HPS and date. A repeated measures AOV was used to evaluate effects of root treatment and date as sources of variation of average daily E, average daily A, predawn leaf YI, WPLA, and WPE (Steel and Torrie 1980) . Prior to each analysis, within-tree subsamples were pooled so that n=3 (trees) per root treatment. Average daily E and A were determined by averaging E or A values from l-l 1 HPS (1986) and 2-12 HPS (1987).
Results
Precipitation
Monthly precipitation was much less from October to March, prior to the 1986 mesquite growing season, than prior to the 1987 growing season, when precipitation was above normal (Fig. 1) . During the mesquite growing season, precipitation was above normal in April and May 1986 and well above amounts which occurred during the same 2 months in 1987. Precipitation was above normal in June and near or below normal from July through September in both years.
Mesquite Phenology
Mesquite budbreak occurred on root-severed and control trees in mid-March 1986. Leaves were fully expanded by the last week in April. In 1987, budbreak did not occur until mid-April, and leaves were not fully expanded until mid-May on trees in both treatments. Leaf abscission from frost occurred on all trees in mid-November during both years.
Leaf Transpiration
Transpiration of sun-exposed leaves (E) on control trees displayed maximum values at 7 hours post sunrise (HPS) in April and September, and earlier in the day (1 or 3 HPS) from 21 May through 12 August 1986 (Fig. 2) . E was similar in root-severed and control trees from April through June 1986, but was significantly greater in root-severed trees than control trees at most HPS from July through September. E was similar in both treatments during 1987.
Average daily transpiration of sun-exposed leaves (average daily E) was similar between treatments from April through June 1986, but was significantly greater (range of 38 to 53%) in root-severed than control trees from July through September (Fig. 3 a) . There were no significant differences in average daily E between treatments in 1987 (Fig. 3b) . Average daily E of control trees tended to be greater on comparable dates in 1986 than 1987 (Fig. 3 a-b) .
Whole Plant Leaf Area
On 12 June 1986, whole plant leaf area (WPLA) was similar between treatments (Fig. 3 c) . WPLA decreased slightly (7%) in control trees from 12 June to 23 July 1986. During the same interval, WPLA decreased by 50% in root-severed trees to levels which were significantly lower than those of control trees. The abscission of leaves on root-severed trees occurred very rapidly within a 4 to 6 day interval during the first week of July. Rootsevered trees appeared to replace little leaf area during the rest of the 1986 growing season, although this was not measured.
During 1987, WPLA decreased in both treatments from 11 May to 7 August. The decrease was slightly more in root-severed than control trees. However, no significant differences in WPLA were found between treatments in 1987, (Fig. 3d) .
Daily Whole Plant Transpiration
Daily whole phnt transpiration (WPE) was similar between treatments on all sample dates in 1986 (Fig. 3 e) . From April to June 1986, similarities in WPE between treatments occurred because of similar average daily E and WPLA values between treatments (Fig. 3 a,c) . Following differential reduction in WPLA between root-severed and control trees in early July 1986, E of remaining leaves on root-severed trees increased relative to control trees, producing similar WPE values between treatments from July to September 1986, although WPE was slightly, but not significantly, lower in root-severed than control trees toward the end of the 1986 growing season (Fig. 3 a,c,e) . WPE was similar in rootsevered and control trees on all dates in 1987 (Fig. 3 f) .
Predawn leaf q and Photosynthesis
Predawn leaf 6 was significantly less in root-severed than control trees in June 1986 (Fig. 4) . Following a decline in both treatments during July, predawn leaf q was significantly greater in root-severed than control trees in August 1986. There were no significant differences in predawn leaf P between treatments in 1987. Average daily leaf photosynthesis (average daily A) was similar between treatments in May and June 1986, but was significantly greater (range of 34 to 48%) in root-severed than control trees from July through September (Fig. 4) . Average daily A was similar between treatments in 1987 except in early June and September when it was slightly (but not significantly) lower in root-severed than control trees.
Discussion
Estimation of Whole Plant Transpiration
Results from this study indicated mesquite water loss ranged from 1.7 to 4.2 kmol tree-' day-', or 30 to 75 liters tree-' day-'). In his book, Larcher (1975) noted that the average loss of water per day of a birch (Berulu spp.) tree on a sunny summer day was about 100 liters. Schultze et al. (1985) estimated daily transpiration of coniferous trees pi& dies and Lurix spp. to be 75 and 63 liters per day, as measured by a discontinuous gas exchange porometer and extrapolated over total canopy area. Water use by phreatophytic honey mesquite in the Sonoran desert of California was estimated at 12,000 liters per year (Nilsen et al. 1983 , Jarrell et al. 1990 ), which we estimated to be about 56 liters per day, based on an April-October growing season (214 days). In summary, estimates of WPE in our study appear to be compatible with other studies, although our maximum WPE values were higher than that previously reported for mesquite.
Leaf and Whole Plant Responses
The data suggest that moisture stress in root-severed mesquite was no greater than in control trees during the first part of the 1986 560 growing season, April through mid-June, when precipitation was well above normal. The onset of stress in root-severed trees appeared to be very acute, occurring in late June when predawn leaf q was significantly lower in these trees than in control trees. The response to alleviate stress was also rapid. All defoliation in root-severed trees occurred within about 4-6 days in early July, about 2 weeks after differential stress between treatments was first detected.
Leaf abscission during the growing season is generally the result of moisture stress (Kozlowski 1976) . Abscission in root-severed mesquite was likely an adjustment to compensate for an imbalance between transpirational surface area and ability of remaining unsevered roots to provide sufficient water. Kaufmann and Fiscus (1985) discussed the hypothesis that plants attempt to maintain a balance between leaf area and absorbing area of fine roots. However, unlike predawn leaf V, other leaf variables we measured, such as E and A, were not different between control and root-severed trees prior to abscission in root-severed trees. Thus, leaf responses did not clearly indicate that root-severed trees were stressed prior to leaf shedding.
While many studies have demonstrated that stomata respond directly to stimuli from the microenvironment near the leaf (Cowan 1977 , Farquhar and Sharkey 1982 , Spence et al. 1983 , reduction in leaf area, as found in root-severed but not unsevered mesquite in 1986, suggests the presence of a root-system based regulation of water loss which outweighed responses of individual leaves to leaf microenvironment.
Research by others has demonstrated that root systems of drought-stressed plants signal leaves via abscisic acid (ABA) which is produced in the roots and transported to the leaves where it may influence either stomata1 closure orabscission (Cornish and Zeevaart 1985, Zhanget al. 1987 ). This process may have caused leaf abscission in root-severed mesquite, although measurements of ABA were not conducted. The rapidity of abscission in mesquite (occurring within 4-6 days) is in agreement with the ABA studies which indicated that following root sensation of soil drought, ABA production in roots, as well as responses of leaves to root-produced ABA, were rapid.
Since we did not observe compensatory leaf growth on defoliated mesquite, the increased A and E following abscission may have been necessary for compensatory root growth. Several studies have reported increased A and E in leaves, as well as growth of new roots, following root pruning (Geisler and Ferree 1984 , Ruff et al. 1987 , Crombie et al. 1987 . Richards and Rowe (1977) observed a redistribution of assimilates to roots following root pruning of peach (Prunus persica).
Following abscission, increases in A and E of remaining leaves on root-severed mesquite relative to control trees were similar to responses of remaining leaves of some grasses (Painter and Detling 1981 , McNaughton 1983 , Nowak and Caldwell 1984 and trees (Heichel and Turner 1983) following partial defoliation. Black and Mack (1986) found an increase in E of remaining leaves on big sagebrush (Artemisia tridentata) following leaf abscission during summer drought. The increases in A and E found in these studies may have been necessary to facilitate compensatory leaf growth. Detling et al. (1979) reported an increase in the proportion of current photosynthate allocated to synthesis of new leaves following defoliation of blue grama (Bouteloua gracilis). Conversely, McNaughton (1983) suggested that defoliation may conserve soil water and thereby improve water status of remaining leaves.
It is not known, if, when, or to what degree compensatory root growth occurred in mesquite. However, the absence of differential abscission between treatments in 1987 suggests root-severed trees had adjusted to the containerized environment by the second year of the study. These results are similar to those found by Ansley et al. (1990) in which reduction of stomata1 conductance in rootsevered trees was found during the first year following lateral root severing but not during the second growing season. These studies illustrate a previously undocumented aspect of the tremendous plasticity of this invasive woody plant in the way of root system recovery following severe manipulation.
Lateral Root Dependence
Honey mesquite exhibit phreatophytic behavior in some regions, such as the Sonoran desert of southern California (Mooney et al. 1977 , Nilsen et al. 1984 . This is attributed to the plant's ability to acquire an abundant supply of water via a deep taproot (Phillips 1963 , Jarrell et al. 1990 ). Aboveground responses associated with this behavior include a relatively constant seasonal pattern of leaf Post-abscission responses by root-severed mesquite were similar to those of red oak (Quercus rubra) and red maple (Acer rubrum) in a study reported by Heichel and Turner (1983) . These species replaced little leaf area following 50% defoliation, although remaining leaves had 54 and 75% increases in A, and 46 and 36% increases in stomata1 conductance, respectively, when compared to undefoliated control trees. transpiration and maintenance of maximum canopy leaf area (Nilsen et al. 1983) . Under these circumstances, regulation of water loss by the plant may be secondarily important to water acquisition. In contrast, results from our study, and from a similar study by Ansley et al. (1990) , imply that on certain sites mesquite may not have a well-developed taproot and may depend primarily on lateral roots for water acquisition, thereby magnifying the importance of canopy regulation of water loss.
JOURNAL OF RANGE
Results from the current study and the study by Ansley et al. (1990) , which was conducted on 2 sites 60 km from the current study area, illustrate a variety of responses of mesquite to severing of lateral roots. On 1 site reported by Ansley et al. (1990) , stomata1 conductance was significantly reduced in root-severed trees when compared to unsevered control trees. On the second site reported in their study, stomata1 conductance was only slightly reduced in root-severed trees. Plant leaf area was not affected by lateral root severing on either site. In the present study, leaf abscission in response to later root severing indicated an extreme dependence on lateral roots. The importance of these roots is elevated further when considering that precipitation was well above normal during April through June 1986 (Fig. l) , yet abscission still occurred. These studies suggest that as dependence on lateral roots increased among sites, response to severing of these roots proceeded from a slight reduction in stomata1 conductance, to substantial stomata1 regulation of water loss, and finally leaf abscission. Degree of dependence on lateral roots may relate to subsoil characteristics on a particular site (Ansley et al. 1990) . Results from these studies indicate that strategies for regulation of water loss by this invasive woody plant vary with site and may involve a combination of stomata1 control and adjustment of transpirational surface area. 
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